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(57) ABSTRACT

Provided is a variable output voltage regulator capable of
reducing heat generation during an overcurrent protection
operation even when a setting value of an output voltage is
high. The variable output voltage regulator can change an
output voltage by trimming a resistor of a voltage dividing
circuit in response to a trimming signal output from a
trimming signal generation circuit. The trimming signal is
used to change a limiting voltage of a fold-back type
overcurrent protection circuit.
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FIG. 4
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FIG. 7
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FIG. 11 PRIOR ART
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VOLTAGE REGULATOR

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. 2012-018668 filed on Jan.
31, 2012, the entire content of which is hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a variable output voltage
regulator including an overcurrent protection circuit.

2. Description of the Related Art

Description is made of a conventional variable output
voltage regulator. FIG. 10 is a diagram illustrating the
conventional variable output voltage regulator.

The conventional variable output voltage regulator
includes a ground terminal 100, a power supply terminal
101, an output terminal 102, an external control terminal
103, an amplifier 104, an output transistor 105, a voltage
dividing circuit 106, a reference voltage source 107, a
drooping type overcurrent protection circuit 108, a fold-back
type overcurrent protection circuit 109, and a trimming
signal generation circuit 110.

Description is made of an operation of the conventional
variable output voltage regulator.

When an output voltage Vout of the output terminal 102
is higher than a predetermined voltage, that is, when a
divided voltage Vib of the voltage dividing circuit 106 is
higher than a reference voltage Vref, an output voltage of the
amplifier 104 becomes higher. A gate voltage of the output
transistor 105 increases, and hence the output transistor 105
is gradually turned OFF and the output voltage Vout
decreases. On the other hand, when the output voltage Vout
is lower than the predetermined voltage, the output voltage
Vout increases in the same manner as described above. In
other words, the output voltage Vout of the voltage regulator
is maintained to a constant predetermined voltage.

In this case, signals ¢1, ¢2, and ¢3 output from the
trimming signal generation circuit 110 in accordance with an
electrical signal CONT input from the external control
terminal 103 are input to gates of MOS switches connected
in parallel to resistors 151, 152, and 153 in the voltage
dividing circuit 106, respectively. Therefore, based on the
electrical signal CONT, a voltage division ratio of the
voltage dividing circuit 106 can be adjusted.

The output voltage Vout of the voltage regulator is deter-
mined based on the reference voltage Vref and the voltage
division ratio of the voltage dividing circuit 106. Therefore,
the output voltage Vout can be controlled by a signal input
to the external control terminal 103. In FIG. 10, the variable
output voltage regulator is realized by the switches con-
nected in parallel to the respective resistors 151, 152, and
153, but the numbers of resistors and switches, the type of
the switches, and positions of the resistors connected to the
switches are not limited thereto (see Japanese Patent Appli-
cation Laid-open No. 2005-293067).

Next, description is made of an operation of the conven-
tional overcurrent protection circuit of the voltage regulator.

The overcurrent protection circuit is divided into a droop-
ing type overcurrent protection circuit and a fold-back type
overcurrent protection circuit. In the conventional overcur-
rent protection circuit, the drooping type overcurrent pro-
tection circuit and the fold-back type overcurrent protection
circuit both operate so as to detect an output current lout
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2

flowing through the output transistor 105, and control the
gate voltage of the output transistor 105 to prevent an output
current equal to or larger than a certain amount from flowing
therethrough.

FIG. 11 is a graph showing output voltage-output current
characteristics in a case where the drooping type overcurrent
protection circuit and the fold-back type overcurrent pro-
tection circuit are used in combination. The drooping type
overcurrent protection circuit has the following feature. In
order to limit the output current lout to a constant maximum
current Im, when a current equal to or larger than the
maximum current Im is caused to flow, the drooping type
overcurrent protection circuit decreases the output voltage
Vout while maintaining the constant output current Iout. In
this manner, the heat loss which occurs in a load of the
voltage regulator can be reduced. On the other hand, the
fold-back type overcurrent protection circuit reduces the
output current lout in proportion to the reduction of the
output voltage Vout when the output voltage Vout becomes
equal to or smaller than a limiting voltage Vfo. That is, when
the output voltage Vout is 0 V, the output current Tout is
fixed to a constant short-circuit current Is. The fold-back
type overcurrent protection circuit can further reduce the
heat loss which occurs in the voltage regulator. In this case,
the maximum current Im, the short-circuit current Is, and the
limiting voltage Vfo are preset in the circuit (see Japanese
Patent Application Laid-open No. 2005-293067).

However, in the conventional variable output voltage
regulator including the overcurrent protection circuit, when
the maximum output voltage Vout is set, the loss during the
operation of the drooping type overcurrent protection circuit
increases.

Power loss P of the voltage regulator is represented as
follows:

P=(Vin-Vout)xIout (€8]

where Vin represents an input voltage of the power supply
terminal. Thus, the loss becomes the maximum when there
is a great voltage difference between the input voltage Vin
and the output voltage Vout. That is, the loss becomes the
maximum at (lout, Vout)=(Im, Vfo) in FIG. 11 when the
operation of the drooping type overcurrent protection circuit
is switched to the operation of the fold-back type overcur-
rent protection circuit. As the setting value of the output
voltage Vout becomes high, the input voltage Vin needs to
be high. Therefore, as the setting value of output voltage
Vout becomes high, the loss at (Iout, Vout)=(Im, Vfo)
increases, which may lead to circuit damage even when the
overcurrent protection circuit is operated.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-mentioned problem, and provides a variable output
voltage regulator having an increased safety with a simple
circuit and by reducing the loss during an overcurrent
protection operation.

In order to solve the conventional problem, there is
provided a variable voltage regulator including drooping
type and fold-back type overcurrent protection circuits. A
signal based on a trimming signal input to a voltage dividing
circuit is input to a variable resistor circuit for determining
a limiting voltage Vfo of the fold-back type overcurrent
protection circuit and a short-circuit current Is.

In the variable output voltage regulator of the present
invention, in accordance with a setting value of an output
voltage Vout, a voltage and a current, at which the fold-back
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type overcurrent protection circuit is operated, can be set. In
this manner, when the setting value of the output voltage
Vout is high, the limiting voltage Vfo is set high and the
short-circuit current Is is set small. In this manner, a maxi-
mum current Im of the voltage regulator can be maintained
constant, and the loss can be reduced even in a condition in
which the loss becomes the maximum during an overcurrent
protection circuit operation. Further, a signal input to the
voltage dividing circuit of the variable voltage regulator is
used, and hence it is possible to support a plurality of output
voltage settings without increasing the circuit scale. There-
fore, the variable output voltage regulator of the present
invention is very useful in terms of area efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram illustrating a variable output
voltage regulator according to an embodiment mode of the
present invention;

FIG. 2 is a circuit diagram illustrating a variable output
voltage regulator according to a first embodiment of the
present invention;

FIG. 3 is a circuit diagram illustrating an example of the
variable output voltage regulator according to the first
embodiment;

FIG. 4 is a circuit diagram illustrating a variable resistor
of the variable output voltage regulator according to the first
embodiment;

FIG. 5 is a graph showing output voltage-output current
characteristics of the variable output voltage regulator
according to the first embodiment;

FIG. 6 is a circuit diagram illustrating a variable output
voltage regulator according to a second embodiment of the
present invention;

FIG. 7 is a graph showing output voltage-output current
characteristics of the variable output voltage regulator
according to the second embodiment;

FIG. 8 is a circuit diagram illustrating a variable output
voltage regulator according to a third embodiment of the
present invention;

FIG. 9 is a circuit diagram illustrating another example of
the variable output voltage regulator according to the
embodiment mode of the present invention;

FIG. 10 is circuit diagram illustrating a conventional
variable output voltage regulator; and

FIG. 11 is a graph showing output voltage-output current
characteristics of the conventional variable output voltage
regulator.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a block diagram illustrating a variable output
voltage regulator according to an embodiment mode of the
present invention.

The variable output voltage regulator according to the
embodiment mode of the present invention is configured to
trim a variable resistor 141 and a variable resistor 142 of a
voltage dividing circuit 106 in response to a trimming signal
obtained by converting a control signal input from an
external control terminal 103 by a trimming signal genera-
tion circuit 110, and switch a limiting voltage Vfo of a
fold-back type overcurrent protection circuit 109.

In the following, description is made of variable output
voltage regulators according to specific embodiments of the
present invention with reference to the drawings.
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First Embodiment

FIG. 2 is a circuit diagram illustrating a variable output
voltage regulator according to a first embodiment of the
present invention.

The variable output voltage regulator according to the first
embodiment includes an amplifier 104, an output transistor
105, the voltage dividing circuit 106, a reference voltage
source 107, a drooping type overcurrent protection circuit
108, a fold-back type overcurrent protection circuit 1094,
and the trimming signal generation circuit 110.

The fold-back type overcurrent protection circuit 109a
includes a sense transistor 121 for an output current, a
variable resistor circuit 111, an NMOS transistor 122, a
resistor 155, and a PMOS transistor 123.

The amplifier 104 has an inverting input terminal con-
nected to an output of the reference voltage source 107, a
non-inverting input terminal connected to an output terminal
of the voltage dividing circuit 106, and an output terminal
connected to the drooping type overcurrent protection circuit
108, the fold-back type overcurrent protection circuit 1094,
and a gate of the output transistor 105. The output transistor
105 has a source connected to a power supply terminal 101,
and a drain connected to an output terminal 102. The voltage
dividing circuit 106 is connected between the output termi-
nal 102 and a ground terminal 100. A connection point
between the variable resistor 141 and the variable resistor
142 is connected to the non-inverting input terminal of the
amplifier 104. The trimming signal generation circuit 110
has an input connected to the external control terminal 103,
and an output connected to the voltage dividing circuit 106
and the fold-back type overcurrent protection circuit 109q.

The sense transistor 121 has a source connected to the
power supply terminal 101, and a drain connected to a gate
of'the NMOS transistor 122. The variable resistor circuit 111
has one terminal connected to the gate of the NMOS
transistor 122, and the other terminal connected to the
ground terminal 100. The NMOS transistor 122 has a source
connected to the output terminal 102, and a drain connected
to a gate of the PMOS transistor 123 and one terminal of the
resistor 155. The other terminal of the resistor 155 is
connected to the power supply terminal 101. The PMOS
transistor 123 has a source connected to the power supply
terminal 101, and a drain connected to the gate of the output
transistor 105.

Next, description is made of an operation of the voltage
regulator according to the first embodiment.

When a load connected to the output terminal 102
increases, a current lout flowing through the output transis-
tor 105 increases. When Tout increases to reach a constant
maximum current Im, the drooping type overcurrent pro-
tection circuit 108 operates to reduce an output voltage Vout.
At this time, a current in proportion to Im flows through the
sense transistor 121, which is current-mirror connected to
the output transistor 105, and a constant voltage Vm is
generated across the variable resistor circuit 111. When the
output voltage Vout reduces down to a constant limiting
voltage Vfo and a gate-source voltage of the NMOS tran-
sistor 122 exceeds a threshold voltage, a fold-back type
overcurrent protection function is operated. The NMOS
transistor 122 is turned ON, a current flows through the
resistor 155, and a voltage is generated across the resistor
155. Then, the PMOS transistor 123 is gradually turned ON,
and a gate-source voltage of the output transistor 105 is
reduced. Thus, the output current Tout is reduced, and the
output voltage-output current characteristics are indicated
by a fold-back line. The limiting voltage Vfo and an output
current when the output voltage is reduced to O V, that is, a
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short-circuit current Is are determined based on a resistance
value of the variable resistor circuit 111.

Further, the voltage regulator of the first embodiment
switches the limiting voltage Vfo of the fold-back type
overcurrent protection circuit 109a as follows.

In response to a trimming signal output from the trimming
signal generation circuit 110, the voltage dividing circuit
106 trims the resistance value(s) of both or one of the
variable resistor 141 and the variable resistor 142, to thereby
set a voltage division ratio. The voltage division ratio of the
voltage dividing circuit 106 determines the output voltage
Vout of the voltage regulator. In response to the trimming
signal output from the trimming signal generation circuit
110, the fold-back type overcurrent protection circuit 1094
trims the resistance value of the variable resistor circuit 111
to set the voltage division ratio. Then, the limiting voltage
Vfo and the short-circuit current Is, at which the operation
of the fold-back type overcurrent protection function is
started, are determined. That is, based on the trimming
signal output from the trimming signal generation circuit
110, the output voltage Vout, the limiting voltage Vfo of the
fold-back type overcurrent protection circuit, and the short-
circuit current Is can be controlled in association with one
another.

FIG. 3 is a circuit diagram illustrating one specific
example of the variable resistors 111, 141, and 142 of the
variable voltage regulator of this embodiment.

Trimming signals ¢1, ¢2, and ¢3 output from the trim-
ming signal generation circuit 110 are input to gates of MOS
switches connected in parallel to resistors 151, 152, and 153
in a voltage dividing circuit 106a, respectively, and to gates
of MOS switches connected in parallel to resistors 156, 157,
and 158 in a variable resistor circuit 111a, respectively.

The circuit of FIG. 3 has a feature in that the resistance
value of the variable resistor circuit 111a and the voltage
dividing circuit 106a are changed with the same trimming
signal of the trimming signal generation circuit 110. For
example, when the trimming signal ¢1 outputs a Low
voltage, the MOS switch connected in parallel to the resistor
151 of the voltage dividing circuit 1064 is turned OFF, and
hence a current flows through the resistor 151. Therefore, the
voltage division ratio of a resistor 154 in the voltage dividing
circuit 1064 is reduced, and hence the output voltage Vout
increases. On the other hand, the MOS switch connected in
parallel to the resistor 156 of the variable resistor circuit
111a of the fold-back type overcurrent protection circuit
109a is simultaneously turned OFF. The resistance value of
the variable resistor circuit 111a is accordingly increased,
and hence the voltage of the gate of the NMOS transistor
122 is increased. When the gate voltage of the NMOS
transistor 122 is high, the limiting voltage Vfo at which the
fold-back overcurrent protection operation is started
increases. As a result, through increase of the limiting
voltage Vto, the increase of power loss can be cancelled,
which occurs in the regulator because the output voltage is
set high and thus the power supply voltage Vin is increased.

Similarly, the short-circuit current Is is reduced by an
amount of increase of the resistance value of the variable
resistor circuit 111a. Therefore, the loss at the time of
short-circuit is reduced as well, and a risk to be caused by
heat generation as a regulator is reduced.

Note that, in FIG. 3, the voltage dividing circuit 106a and
the variable resistor circuit 111a are each configured so that
the resistors and the MOS switches are connected in parallel
to each other, and the gates of the MOS switches are
connected to the output of the trimming signal generation
circuit, to thereby form three sets of combinations each
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6

including the resistor and the switch, but the number of the
resistors and the type of the switches are not limited thereto.

Further, the variable resistor circuit may be a circuit as
illustrated in FIG. 4. The variable resistor circuit of FIG. 4
is applied to the variable resistors 141 and 142 of the voltage
dividing circuit 106, and the variable resistor circuit 111 of
the overcurrent protection circuit 109a. The MOS switches
are not connected in series, and thus only one ON resistance
of the switch affects the resistance value at minimum.
Therefore, the accuracy of the resistance value is increased,
and thus the effect of increasing the accuracies of the output
voltage, and the limiting voltage Vfo and the short-circuit
current Is of the overcurrent protection circuit can be
obtained.

FIG. 5 is a graph showing output voltage-output current
characteristics of the voltage regulator of this embodiment.

In a condition of a low output voltage setting Vout2 of the
voltage regulator, as is understood from Expression (1), the
power loss is the maximum at the time of (Iout, Vout)=(Im,
V102). On the other hand, in a condition of a high output
voltage setting Voutl, the power loss is the maximum at the
time of (Tout, Vout)=(Im,Vfol). With the configuration of
this embodiment, the relationship of the limiting voltage
becomes Vfo2<Vfol, and hence even in the high output
voltage condition, the power loss does not increase as in the
conventional case. Therefore, with use of the voltage regu-
lator of this embodiment, it is possible to reduce heat
generation due to the loss, and increase the safety.

Second Embodiment

FIG. 6 is a circuit diagram illustrating a variable output
voltage regulator according to a second embodiment of the
present invention. Description is made of a fold-back type
overcurrent protection circuit 1095 of FIG. 6. Components
other than the fold-back type overcurrent protection circuit
1095 are similar to those of the first embodiment.

The fold-back type overcurrent protection circuit 1096 of
FIG. 6 includes an amplifier 116 instead of the NMOS
transistor 122 and the resistor 155. The amplifier 116 has an
inverting input terminal connected to the drain of the sense
transistor 121, a non-inverting input terminal connected to
the non-inverting input terminal of the amplifier 104, and an
output terminal connected to the gate of the PMOS transistor
123.

In this case, the amplifier 116 has a finite offset voltage
Voff, and the short-circuit current Is is determined by Voft
regardless of the resistance value of the variable resistor
circuit 111. The limiting voltage Vo is determined based on
the resistance value of the variable resistor circuit 111.

FIG. 7 is a graph showing output voltage-output current
characteristics of the voltage regulator according to the
second embodiment. In each of the high output voltage
Voutl and the low output voltage Vout2, the short-circuit
current Is is not changed, and only the limiting voltage Vfo
is changed. That is, the short-circuit current Is is constant
regardless of the output of the trimming signal generation
circuit 110. Therefore, an effect can be obtained against
activation failure of the voltage regulator to be caused by a
decreased short-circuit current Is due to the increased output
voltage Vout.

In this case, even when the non-inverting input terminal
of the amplifier 116 is connected to the output terminal 102
or another output terminal formed in the voltage dividing
circuit 106, the similar effect can be obtained.

Third Embodiment

FIG. 8 is a circuit diagram illustrating a voltage regulator
according to a third embodiment of the present invention.
Description is made of a fold-back type overcurrent protec-
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tion circuit 109¢ of FIG. 8. Other than the fold-back type
overcurrent protection circuit 109¢, this voltage regulator is
similar to those of the other embodiments.

The fold-back type overcurrent protection circuit 109¢ of
this embodiment includes amplifiers 117 and 118, a variable
resistor circuit 1115, and an NMOS transistor 124, instead of
the NMOS transistor 122 and the resistor 155.

The amplifier 117 has a non-inverting input terminal
connected to the non-inverting input terminal of the ampli-
fier 104, an inverting input terminal connected to a source of
the NMOS transistor 124 and one terminal of the variable
resistor circuit 111a, and an output terminal connected to a
gate of the NMOS transistor 124. The NMOS transistor 124
has a drain connected to the drain of the sense transistor 121,
an inverting input terminal of the amplifier 118, and one
terminal of the variable resistor circuit 1115. The other
terminal of the variable resistor circuit 1115 is connected to
the ground terminal 100. The amplifier 118 has a non-
inverting input terminal connected to the output of the
reference voltage source 107, and an output terminal con-
nected to the gate of the PMOS transistor 123. The trimming
signal generation circuit 110 has output terminals connected
to the variable resistor circuits 111a and 1115.

The fold-back type overcurrent protection circuit 109¢
controls the limiting voltage Vfo by the resistance values of
the variable resistor circuits 111a and 1115, and controls the
short-circuit current Is by the resistance value of the variable
resistor circuit 1115. Therefore, the limiting voltage Vfo and
the short-circuit current Is can be individually controlled.
Therefore, there can be obtained an effect of enabling free
adjustment of the inclination of output voltage-output cur-
rent characteristics of the fold-back type overcurrent pro-
tection circuit.

In this case, even when the non-inverting input terminal
of the amplifier 117 is connected to the output terminal 102
or another output terminal formed in the voltage dividing
circuit 106, the similar effect can be obtained.

As described above, according to the variable output
voltage regulator of the present invention, through setting of
a high limiting voltage Vfo when the setting value of the
output voltage Vout is high, the loss can be reduced while
maintaining the constant maximum current Im of the voltage
regulator, even in the condition in which the loss becomes
the maximum during operation of the overcurrent protection
circuit.

Note that, description is made above of the example in
which the external control terminal 103 is connected to the
input terminal of the trimming signal generation circuit 110,
but as illustrated in FIG. 9, a non-volatile memory 112 may
be provided.

Control information for determining the output voltage
Vout, the limiting voltage Vfo of the fold-back type over-
current protection circuit, and the short-circuit current Is is
stored in advance in the non-volatile memory 112. In this
manner, there can be obtained an effect that it becomes
unnecessary to input the control information every time the
power is activated.

What is claimed is:

1. A voltage regulator, comprising:

an output transistor;

a voltage dividing circuit for dividing an output voltage
output from the output transistor to an output terminal,
the voltage dividing circuit includes two or more switch
circuits for switching in two or more resistors;

an amplifier for comparing a divided voltage output from
the voltage dividing circuit and a reference voltage so
that the output voltage becomes constant;
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a drooping type overcurrent protection circuit;

a fold-back type overcurrent protection circuit configured
to lower an output current of the voltage regulator when
the output voltage falls below a threshold voltage,
wherein the fold-back type overcurrent protection cir-
cuit comprises:

a sense transistor having a gate terminal connected to
an output of the amplifier;

a variable resistor circuit having one terminal con-
nected to a drain of the sense transistor, the variable
resistor circuit includes two or more switch circuits
for switching in two or more resistors of the variable
resistor circuit; and

a control section for controlling a gate of the output
transistor in accordance with a voltage generated in
the variable resistor circuit; and

a trimming signal generation circuit configured to selec-
tively output a trimming signal, responsive to an input
signal, to simultaneously switch in one or more of the
two or more switch circuits of the voltage divider
circuit and one or more of the two or more switch
circuits of the variable resistor circuitry of the fold-
back type over current protection circuit to simultane-
ously increase the output voltage and the threshold
voltage of the fold-back type overcurrent protection
circuit or simultaneously decrease the output voltage
and the threshold voltage of the fold-back type over-
current protection circuit.

2. A voltage regulator according to claims 1, further
comprising a non-volatile storage device for storing trim-
ming data input to the trimming signal generation circuit.

3. A voltage regulator comprising:

an output transistor;

a voltage dividing circuit for dividing an output voltage
output from the output transistor to an output terminal,
the voltage dividing circuit includes two or more switch
circuits for switching in two or more resistors;

an amplifier for comparing a divided voltage output from
the voltage dividing circuit and a reference voltage so
that the output voltage becomes constant;

a drooping type overcurrent protection circuit;

a fold-back type overcurrent protection circuit configured
to lower an output current of the voltage regulator when
the output voltage falls below a threshold voltage,
wherein the fold-back type overcurrent protection cir-
cuit comprises:

a sense transistor having a gate terminal connected to
an output of the amplifier;

a variable resistor circuit having one terminal con-
nected to a drain of the sense transistor, the variable
resistor circuit includes two or more switch circuits
for switching in two or more resistors of the variable
resistor circuit; and

a control section for controlling a gate of the output
transistor in accordance with a difference between a
voltage generated in the variable resistor circuit and
the divided voltage; and

a trimming signal generation circuit, responsive to an
input signal, configured to selectively output a trim-
ming signal to simultaneously switch in one or more of
the two or more switch circuits of the voltage divider
circuit and one or more of the two or more switch
circuits of the variable resistor circuitry of the fold-
back type over current protection circuit to thereby
simultaneously increase the output voltage and the
threshold voltage of the fold-back type overcurrent
protection circuit or simultaneously decrease the output
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voltage and the threshold voltage of the fold-back type
overcurrent protection circuit.

4. A voltage regulator according to claim 3, wherein the
fold-back type overcurrent protection circuit comprises an
amplifier for detecting the difference between the voltage
generated in the variable resistor circuit and the divided
voltage.

5. A voltage regulator comprising:

an output transistor;

a voltage dividing circuit for dividing an output voltage
output from the output transistor to an output terminal,
the voltage dividing circuit includes two or more switch
circuits for switching in two or more resistors;

an amplifier for comparing a divided voltage output from
the voltage dividing circuit and a reference voltage so
that the output voltage becomes constant;

a drooping type overcurrent protection circuit;

a fold-back type overcurrent protection circuit configured
to lower an output current of the voltage regulator when
the output voltage falls below a threshold voltage
wherein the fold-back type overcurrent protection cir-
cuit comprises:

a sense transistor having a gate terminal connected to an
output of the amplifier;

a second transistor having a drain connected to a drain of
the sense transistor;

a first variable resistor circuit having one terminal con-
nected to a source of the second transistor, the first
variable resistor circuit includes two or more switch
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circuits for switching in two or more resistors of the
first variable resistor circuit;

a first amplifier for controlling a gate of the second
transistor in accordance with a difference between a
voltage generated in the first variable resistor circuit
and the divided voltage;

a second variable resistor circuit having one terminal
connected to the drain of the sense transistor, the
second variable resistor circuit includes two or more
switch circuits for switching in two or more resistors of
the second variable resistor circuit; and

a second amplifier for controlling a gate of the output
transistor in accordance with a difference between a
voltage generated in the second variable resistor circuit
and the reference voltage; and

a trimming signal generation circuit, responsive to an
input signal, configured to selectively output a trim-
ming signal to simultaneously switch in one or more of
the two or more switch circuits of the voltage divider
circuit, and one or more of the two or more switch
circuits of the first variable resistor circuit and one or
more of the two or more switch circuits of the second
variable resistor circuit of the fold-back type over
current protection circuit to thereby simultaneously
increase the output voltage and the threshold voltage of
the fold-back type overcurrent protection circuit or
simultaneously decrease the output voltage and the
threshold voltage of the fold-back type overcurrent
protection circuit.
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